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Absorption and luminescence properties have been
investigated extensively at low temperatures in PbX,-SnX, (X =
Cl, Br) in order to get the structural information on the self-
trapped excitons, electrons and holes in crystals of the PbCl,
structure. The crystal structure of lead and tin halides (chloride

and bromide) is orthorhombic Dlzi [1]. The coordination

number is 9 for Pb?* (Sn?*) and 4 (site-4) or 5 (site-5) for CI°
(Br). Inlead and tin halides, the top of the valence band is
composed of 6s (5s) orbits of Pb?* (Sn*") with considerable
mixing from np orbits of halogen ions and the bottom of the
conduction band is mainly composed of 6p (5p) orbits of Pb®*
(sn*)[2, 3.

Lead halide crystals have been well known as typical
materials showing photolysis with ultraviolet light or X-ray
irradiation at room temperature [4]. In PbCl, and PbBr, crystals,
two kinds of intrinsic luminescence are observed under
ultraviolet excitation at low temperature [2, 3]. The one is
observed at 3.78 eV (UV) in PbCl, and at 2.75 eV (B) in PbBr,
which is excited only in the lowest energy excitonic absorption
band and is connected to the sdlf-trapped excitons (STE) [5].
The other appears at 2.62 €V (BG) in both crystals only under
excitation in the band-to-band transition region and is attributed
to the recombination of self-trapped electrons (STEL) with holes
[6]. Electrons are self-trapped to result in (Pb,)*-diatomic
molecular centers as verified from the EPR studies[7].

In the present work, absorption and luminescence due
to Sn?" ions doped in PbCl, and PbBr, have been investigated at
low temperatures in order to explicate the role of cations in the
lattice relaxation processes of photo-excited states. The dopant
Sn?* ion has the same outer electronic configuration (5s)? as the
host Pb?* ion (6s).

By doping a small amount of Sn** ions in PbCl,, two
absorption band structures are observed at 3.65 and 3.86 eV well
separated from the lowest excitonic absorption band of the host
PbCl, lattice at 4.68 €V [2]. They are attributed to the intra
ionic transitions of the dopant Sn?* ions from the 'S, state of the
(59)? ground configuration to the P, state of the (5s)(5p) excited
configuration. The separation energy of 1.03 eV between the
lowest energy absorption bands due to the dopant tin ions and
the lowest energy excitonic absorption band corresponds to the
difference in ionic excitation energy (1.14 eV [8] ) from the 'S,
to the 3P, state of the Sn?* and the Pb?* ions. The °P; state
further splits into three irreducible states, ', and 2 I, states, by
the Cs crystal field at the Pb?* ion site in PbCl,, which would be
responsible for the observed absorption structures. The dichroic
absorption measurement is expected to give more reliable
assignment for these absorption structures.

Two new emission bands (R;-emission at 1.90 €V and
R,-emission at 1.65 eV) due to the doped Sn?*-ions were found
at low temperatures with excitation in the absorption region
specific to the doped tin ions just described above. The R;-
emission is excited strongly in the 3.65 eV absorption band
while the R-emission in the 3.86 eV absorption band and higher
energy region. The R;-emission shows similar behavior to the
intrinsic UV-emission in their excitation spectra and is
connected to the [Sn*(Cl"); + hole] center on the analogy of the
[Pb*(Cl)5 + hol€] center for the intrinsic UV-emission of PhCl,
[5]. This type of luminescence centers are realized by making
covalent bonds between central tin or lead ions and three 5-site
halogen ions through sp? hybridization in the course of lattice

relaxation of the photo-excited state. The origin of the Ry -
emission is not clear at present athough it might be supposed to
come from the [(PbSn)**-STEL + hol€] center because of its
excitation region extending higher energy region. This type of
diatomic self-trapped electron centers have been confirmed in
PbCl, as (Pb,)**-STEL centers [7] and in PbCl,:TI* as (PbTI)?
centers [9] which are responsible for the recombination
emissions, namely the BG-emission in PbCl, [6] and a green
emission in PbCl,:TI" [10]. In case of excitation in the excitonic
and the band-to-band absorption region of the host PbCl,, the
intrinsic UV - and BG-emission are observed, respectively.

In conclusion, the doped tin ions produce well-
defined absorption structures that are attributed to intra ionic
transitions of the tin ions. Two emission bands specific to the
doped tin ions are observed with excitation in the tin absorption
bands, which are related to the intrinsic STE and recombination
luminescence. The results on the dichroic properties,
temperature dependence, luminescence decay behaviors will be
presented together with those obtained in the PbBr,-SnBr,
system.
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